These were seen in patients surviving from six weeks to 34 years after trauma and who were
incidence of between 1% and 5%, but more recently MiR has suggested an incidence of up to 22%. Twenty spinal cords have been examined after death from two days to 43 years after injury. Four had syrinxes, 20% of the series, approaching the incidence found by MRI. The acute and chronic pathological changes after trauma are described. Post-traumatic syringomyelia seems to develop from cores of necrotic tissue (myelomalacic cores) rather than lysis of haematoma. The mechanism of extension of syrinxes remains unexplained. Post-traumatic syringomyelia is a troublesome complication of severe spinal cord trauma. The exact incidence remains unknown.
Studies based on clinical examination and spinal CT have shown an incidence of between 11 and 4-5%,' 2 but since the introduction of MRI, incidences of 12-22% have been recorded.'-5 Few cases have been examined after death, and in the largest series published an incidence of 17% was recorded. 6 We were able to find reports of only 35 detailed postmortem examinations in posttraumatic syringomyelia. [1] [2] [3] [4] [5] [6] [7] [8] [9] We present the pathological findings in 20 spinal cords examined between two days and 43 years after severe spinal injury. Four from 18 to 67 years old at the time of injury. Changes in the remaining 16 cases are described briefly under the headings of early or late pathological changes.
CASES WITHOUT SYRINXES
Early pathological changes Cases surviving only a few days after injury showed oedema and disruption of the normal structure of the cord at the site of injury. Neuronal cell bodies showed shrinkage and loss of staining. By five days after injury axonal swelling and retraction balls were seen. Myelin sheaths were swollen and disrupted.
Macrophage infiltration was seen first in a case surviving 15 days and macrophages were still present up to two and a half years after injury (case 11).
Reactive gliosis and capillary proliferation were first seen after 15 days and cyst formation six weeks or more after injury. Haemorrhage was seen in only two cases, in one (case 4) in an area of infarction in the territory of the anterior spinal artery two segments above vertebral dislocation. The other (case 9) showed haemorrhage at the site of cord injury.
In Discussion Twenty spinal cords examined between two days and 43 years after trauma show a sequence of pathological changes similar to those previously described.'01' Early reactive changes of oedema and tissue necrosis are followed by macrophage infiltration, capillary proliferation, and reactive gliosis which is the predominant finding one year after injury. Four cases showed evidence of infarction; in one there was no evidence of direct trauma to the cord (case 3) and infarction was the result of dissecting aneurysms of both vertebral arteries. In two cases there was direct injury to the cord in segments adjacent to infarction in the territory of supply of the anterior spinal artery. In one other case (case 5) where there was syrinx formation, multiple small areas of infarction close to the main injury suggest small intraspinal vessel damage.
Four of the 20 cases examined (20%) had a cystic cavity extending for at least two segments from the site of original injury. This figure is slightly higher than the 17% described by Wozniewic et al in the only large published postmortem series of 120 cases.6 Clinical and CT studies have shown a clinical incidence of post-traumatic syringomyelia of between 1% and 5%'12 whereas MRI studies show a higher incidence of up to 22%,3-5 12 closer to the percentage found in postmortem studies.
Development of cysts after spinal cord trauma may occur as early as six weeks after injury. The cysts seem to result from cavitation of myelomalacic cores.27 These are cores of necrotic tissue that extend above and below the site of cord damage, first described by Holmes in 1915 in patients with gunshot wounds of the cord."3 Direct trauma is not, however, an essential prerequisite to formation of myelomalacic cores as one of our cases (case 3) had large cores after cervical cord infarction without evidence of direct injury. Myelomalacic cores are always found in the dorsal cord either at the base of the dorsal columns or between dorsal columns and dorsal horns. All four syrinxes in this series were in these sites.
The reason for location of myelomalacic cores at the base of the dorsal columns is not understood, but may be due to the presence of a watershed zone between the territories of the anterior and posterior spinal arteries.6 Mechanical restraints on lateral extension of necrotic cavities may be imposed by the arrangement of the fibre tracts of the cord.
Resolution of intramedullary haematoma has been suggested as a possible mechanism for cyst formation.'4 15 In our cases evidence of haemorrhage was infrequent; in only three cases of trauma and in only one of four syrinxes. This suggests that it is not the usual precursor to cyst formation.
Our series provides no support for the role of central venous infarction in cyst formation as proposed by Davis and Symon. 16 In some of the cases described at operation there have been multiple cavities and the origin of septation within cysts is disputed.2 1516
The fact that at least one of our cases had areas of infarction in segments close to the trauma, but not in continuity with it, suggests that separate cavities may arise from independent foci of infarction that later undergo extension.
Entry of CSF has been suggested as a cause of cyst extension2 915 but communications with CSF spaces have not so far been shown pathologically. In only one of our four cases was there communication with the central canal and no other communication with CSF pathways was identified. We have only examined representative blocks, however, and exclusion of communication would depend on serial sectioning throughout the entire extent of the cavity, which we did not do.
Another suggested mechanism is that dural adhesions at the site of old trauma cause alterations in intraspinal pressure differentials, which allow extension of the cavity2 or allow fluid to be forced across the cyst wall through a relatively porous spinal cord.15 Dural fibrosis and adhesions at the site of original injury were seen in three of our four cases with syrinxes.
In conclusion, this study has illustrated the pathological reactions of the spinal cord between two days and 43 years after trauma. The finding of syringomyelia in 20% of cases selected for necropsy is close to the clinical incidence found by MRI, which is the method of choice for imaging the spinal cord. This method is thus more accurate than either CT or clinical examination in identifying the extent of syringomyelia, and suggests that post-traumatic syringomyelia is more common than previously thought.
